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Description 

A SABOT FOR REDUCING THE PARASITIC 
WEIGHT OF A KINETIC ENERGY 

PROJECTILE 

Federal Research Statement 

[0001] The invention described herein may be manufactured and 

used by or for the Government of the United States for 

governmental purposes without payment of any royalties 

thereon. 
Background of Invention 

[0002] Th e present invention generally relates to the field of mili- 
tary ordinance. In particular, it relates to a new sabot de- 
sign for use in Kinetic Energy (KE) projectiles, which re- 
duces the parasitic weight of the sabot upon launch and 
transforms the parasitic weight into propulsion gases that 
provide a greater velocity to the projectile. 

[0003] Kinetic Energy (KE) projectiles are well known in the am- 
munition community and are made in small, medium and 


large caliber from 20 to 120mm. FIGS. 1 and 2 illustrate 
cross sectional views of KE projectiles 10 and 205 with 
two types of sabots 15 and 210. The standard sabot 15 
(also referenced as pusher sabot 15) is illustrated in FIG. 
1, and the puller sabot 210 is illustrated in FIG. 2. Both 
the standard sabot 15 and pusher sabot 210 are well 
known in the ammunition community. 

[0004] Sabots are attached to the projectile rod by threads or 
buttress grooves. The function of a sabot is to fill the 
space between the gun tube and the projectile rod and, 
along with the obturator (i.e., a plastic ring that attaches 
to the back of the sabot), prevent propellant gases from 
blowing past the projectile. The sabots also support the 
rod during gun launch as it travels up the gun tube. The 
sabots are usually made of three pieces or petals that are 
discarded from the rod as soon as the projectile exits the 
gun tube and gets past the gun gases. 

[0005] a retaining ring (not shown) is imbedded in the front and 
back of the sabot. This retaining ring holds the petals of 
the sabot together. 

[0006] when the projectile is launched from the gun tube, the 

scoop in front of the sabot captures the air and therefore 
a force is exerted on the sabots. When the force exceeds 


the strength of the retaining rings, the retaining ring 
breaks allowing the petals of the sabot to come apart and 
move away from the projectile rod. After the sabot is dis- 
carded, the projectile rod, nose and fin travel to the target 
(the projectile rod, nose and fin are known as the in-flight 
projectile and when the sabots are attached the projectile 
is known as the in-bore projectile). The target is usually 
protected with heavy armor. The projectile rod penetrates 
the target utilizing the very high velocity (kinetic energy) 
at which the rod is traveling. An increase in projectile rod 
velocity increases the armor thickness that the rod can 
penetrate. 

[0007] Currently, the standard sabot used in ammunition is con- 
sidered "parasitic weight". The sabot"s sole function is to 
act as a carrier of the penetrator during launch. The sabot 
mates with the penetrator and provides a pushing surface 
for gun gasses to push the projectile out of the gun tube. 
The projectile exits with a specific muzzle velocity, and 
flies towards its target. Generally speaking, the greater 
the penetration, the more lethal the projectile, and the 
greater the muzzle velocity of the projectile, the greater 
the penetration. The sabot is necessary because it ensures 
that the greatest possible force is applied to the penetra- 


tor by the gases caused during the propellant ignition 
phase of the interior ballistic event. However, after the 
projectile leaves the gun tube, the sabot is discarded, al- 
lowing the penetrator to fly freely towards its target. 

[0008] The in-bore projectile is part of a cartridge assembly (not 
shown) that holds the projectile to allow chambering into 
the gun tube and also contains the propellant and primer. 
When the soldier wants to fire the projectile, an electrical 
signal is sent that ignites the primer. The flame spread 
from the primer sets off the propellant that creates high- 
pressure gases. When the force of the gases exceeds the 
force to push the projectile and obturator, the projectile 
begins to move at a very high velocity. 

[0009] The sabots are typically made of very strong materials 
such as aluminum (7076 T6) or ultem composites rein- 
forced with carbon fiber. Sabots are subject to very high 
shock loads known as setback or g forces when the pro- 
jectile is launched in the gun. They are therefore designed 
to meet these forces without breaking when fired from a 
gun. Setback forces can be as high as 70,000 g"s for some 
KE projectiles., . Gun pressures can be as large as 
103,000 psi for large caliber systems. 

[0010] At shot start, which term is used to reference when the 


projectile begins to move, the projectile sees an increase 
in gravitational (or G-) forces, G"s, and pressures as it 
travels down the gun tube until the maximum G and max- 
imum base pressure on the projectile is reached. This 
takes place usually within the first 1/3 of the length of the 
gun tube. 

[0011] Then, as the projectile travels up the remainder of the gun 
tube, the pressures and forces on the projectile decrease 
rapidly to a fraction of their maximum value.. The prob- 
lem of parasitic weight comes into play between the mo- 
ments when the peak force and pressure is reached inside 
the tube and when the projectile exits the gun tube. The 
sabot is structurally designed to withstand the maximum 
force and pressure reached inside the gun tube. However, 
after the maximum pressure is reached the pressure de- 
creases, and the extra mass of the sabot needed to with- 
stand the peak values becomes superfluous. 

[0012] N 0t on |y does this extra mass become unnecessary, it be- 
comes a hindrance in that it limits the acceleration of the 
projectile in the tube. While the extra mass is needed to 
withstand the maximum force and pressure values, some 
of this mass becomes almost completely parasitic as the 
forces and pressures decrease . Since the sabot is typically 


between 25-30% of the total projectile mass, considerable 
energy is wasted during launch. It has been estimated that 
up to 2 lbs of the sabot is not needed after peak pres- 
sures and G forces are achieved . 
[0013] what is therefore needed is a method to reduce the para- 
sitic weight of the projectile without compromising its 
structural integrity. The need for such a system has 

heretofore remained unsatisfied. 
Summary of Invention 

[0014] The energetic sabot of the present invention satisfies this 
need by allowing selected parts of the sabot to burn away 
at a controlled rate as it travels up the gun tube. This 
adds propellant energy (gases) to the gun while at the 
same time completely supporting the projectile rod. Only 
selected parts of the sabot are energetic and can burn. 
The energetic sabot is thicker or larger (the sabot is still 
the same size as any other standard sabot) at shot start to 
support the projectile without breaking. As the energetic 
sabot travels up the gun tube, the energetic portion of the 
sabot burns off therefore thinning out or otherwise de- 
creasing the sabot mass as the force on the energetic 
sabot decreases. The weight of the projectile conse- 
quently decreases as it travels up the gun tube, allowing 


the gun gases to push a lighter projectile, giving the pro- 
jectile a higher velocity. 

[0015] The energetic part of the sabot utilizes energetic material 
to establish dynamic weight reduction during the firing 
event. The energetic sabot allows for maximum efficiency 
and productivity of propellant in medium and large caliber 
sabots. To withstand the peak chamber pressure, a sabot 
initially needs a significant amount of strengthening ma- 
terial. However, as the pressure in the chamber decreases 
the stress on the sabot decreases. Hence, less reinforcing 
material is needed. Any material not needed for ensuring 
structural integrity is burned off the energetic sabot. 
When the projectile is nearing its exit from the gun tube, 
chamber pressure is at a minimum, and even less material 
is needed to ensure structural integrity of the energetic 
sabot. For maximum performance of the energetic sabot, 
all unnecessary material is burnt off by the time the pro- 
jectile exits the gun tube. 

[0016] D ue to the continually decreasing weight of the sabot, 

which is part of the overall projectile, in the gun tube, the 
in-bore projectile experiences greater acceleration and 
exits the gun with a higher muzzle velocity. This higher 
velocity in turn leads to greater in-flight projectile velocity 


at target impact, and thus a greater penetration depth. 

[0017] Another important effect emanates from extending higher 
pressures over a longer time period on the projectile in 
the gun tube from the gases relinquished in the burning 
of the sabot. With a normal sabot the pressure reaches a 
maximum value and then falls rapidly. This imparts only a 
small amount of energy to the projectile after maximum 
pressure is achieved . 

[0018] As the energetic part of the sabot begins to burn after 
peak pressure, the gases that are given off causes the 
pressures to fall off slower. These higher pressures over 
time provide more energy to the system (gun/projectile) 
and therefore provide more velocity to the projectile. 

[0019] The maximum pressure of the gun and therefore the 

safety of the system is not compromised since the maxi- 
mum pressure for a normal sabot and a energetic sabot 
are the same. It is only the rate at which the pressure de- 
creases that is effected. . The sustained greater pressure 
in the tube over time leads to an increased amount of en- 
ergy transferred to the in-bore projectile, resulting in an 
even greater muzzle velocity and target penetration 
depth. Greater in-bore velocity always translates to 
greater in-flight velocity for properly discarding KE 


sabots. 

[0020] The structure of the energetic sabot may not differ signif- 
icantly from the standard sabot designs, except for its 
composition. While most sabots are made of composite 
materials, the energetic sabot contains energetic materials 
intermixed with composites in key areas of the sabot that 
are intended to burn away at a controlled rate as it pro- 
ceeds up the gun tube. These energetic composites are 
made from propellant or pyrotechnic energetic agents 
added to composite materials in the energetic sabot. 

[0021] The energetic composites have controlled burn rates that 
are manufactured to match the rate needed to burn away 
and still have the proper support for the sabot. The com- 
position of the energetic composites is determined from 
their burn rates. A deterrent coating (numerous conven- 
tional or available coatings are available and may be used 
in the propellant industry and are applicable for use on 
the energetic sabot) may be placed on the outside of the 
energetic composite to delay its burning until after maxi- 
mum pressure is reached in the gun tube. 

[0022] An ideal burn rate would allow the maximum amount of 
material to burn off while retaining structural integrity. In 
other words, the burn rate is proportional to the decrease 


in chamber pressure; the less pressure in the tube, the 

more material that can be relinquished. Some examples of 

potential explosive agents comprise RDX, CL20, or HMX. 

Examples of propulsive agents comprise M14, benite, and 

black powder. 
Brief Description of Drawings 

[0023] The various features of the present invention and the 

manner of attaining them will be described in greater de- 
tail with reference to the following description, claims, 
and drawings, wherein reference numerals are reused, 
where appropriate, to indicate a correspondence between 
the referenced items, and wherein: FIG. 1 is a cross- 
sectional, side view of a KE projectile with standard sabot 
using a prior art design; FIG. 2 is a cross-sectional, side 
view of a KE projectile with puller sabot using a prior art 
design; FIG. 3 is a cross-sectional, side view of a KE pro- 
jectile with an energetic sabot illustrating energetic re- 
gions.; FIG. 4 is a cross-sectional, side view of a KE pro- 
jectile with an energetic sabot after energetic regions have 
burned away; FIG. 5 is a cross-sectional, side view of a KE 
projectile with an energetic puller sabot illustrating ener- 
getic regions ; and FIG. 6 is a cross-sectional, side view of 
a KE projectile with an energetic puller sabot after ener- 


getic region shave burned away. 

[0024] | t should be understood that the sizes of the different 

components in the figures are not necessarily in exact 

proportion or to scale, and are shown for visual clarity and 

for the purpose of explanation. 
Detailed Description 

[0025] FIG. 1 is a cut-away profile view of a prior art kinetic en- 
ergy tactical projectile 10 using a standard sabot 15. The 
kinetic energy tactical projectile 10 is comprised of a 
sabot 15, a projectile rod 20, a nose 25, and a fin 30. FIG. 
2 is a cut-away profile view of a prior art kinetic energy 
tactical projectile 205 using a puller sabot 210. The ki- 
netic energy tactical projectile 205 is comprised of a 
puller sabot 210, a projectile rod 20, a nose 25, and a fin 
30. 

[0026] FIG. 3 and FIG. 4 are cut-away profile views of a kinetic 

energy projectile 305 with an energetic pusher sabot 310. 
FIG. 3 illustrates the size of the energetic pusher sabot 
310 needed for shot start. Energetic regions 315, 320, 
325, 330 are the part of the energetic pusher sabot 310 
no longer needed for support as the energetic pusher 
sabot 310 travels up the gun tube (not shown). After en- 
ergetic regions 315, 320, 325, 330 are burned away, the 


energetic pusher sabot 310 is reduced to the pusher 
sabot base 335. The pusher sabot base 335 (FIG. 4) is the 
size of energetic pusher sabot 310 required after the ki- 
netic energy projectile 305 has traveled up the gun tube. 
A major portion of the energetic pusher sabot 310 can be 
burned away and still support the kinetic energy projectile 
305 as it travels up the gun tube. The kinetic energy pro- 
jectile 305 also comprises projectile rod 20, a nose 25, 
and a fin 30. 

[0027] Energetic regions 315, 320, 325, 330 are made of an en- 
ergetic structural composite that can burn away as the ki- 
netic energy projectile 305 travels up the gun tube. Ener- 
getic regions 315, 320, 325, 330 are comprised of ener- 
getic structural material such as an Energetic Thermo 
Plasticizer Elastomer (ETPE), glycidyl azide polymer (GAP) 
composite with carbon fiber reinforcement. 

[0028] Energetic regions 315, 320, 325, 330 may also be com- 
prised of a high density polyethylene (HDPE) composite 
with carbon fiber reinforcement mixed with RDX or HMX 
or ultem with carbon fiber reinforcement with RDX or 
HMX. All contain an epoxy resin as a binder that is com- 
patible with the chosen material. Other plastics such as 
polypropylene that burns may be substituted for the 


HDPE. Other energetic materials, plasticizers and binders 
can be used in place of or in addition to the GAP. Some of 
these materials are nitrocellulose, viton, acetyl triethyl cit- 
rate, cellulose acetate buturate and BDNP-AF. These ener- 
getic composite structurally strong materials are added to 
or attached to the sabot. 

[0029] Likewise, FIG. 5 and FIG. 6 are cut-away drawings of a KE 
projectile 505 with a puller sabot 510. FIG. 5 illustrates 
the size of the energetic puller sabot 510 needed for shot 
start. Energetic regions 515 and 520 are the part of the 
energetic puller sabot 510 that is no longer needed for 
support as the energetic puller sabot 510 travels up the 
gun tube (not shown). After energetic regions 515 and 
520 are burned away, the energetic puller sabot 510 is re- 
duced to the puller sabot base 525. 

[0030] The puller sabot base 525 (FIG. 6) is the size of energetic 
puller sabot 510 (FIG. 5) that is needed after the KE pro- 
jectile 505 has traveled up the gun tube. A major portion 
of the energetic puller sabot 510 can be burned away and 
still support the kinetic energy projectile 505 as it travels 
up the gun tube. 

[0031] The prediction of the thickness for of the conventional or 
energetic sabots required before and during launch is 


performed using a Finite Element Analysis. Finite element 
analysis is extremely accurate for the design of gun 
launched sabots when using the pressure/time curves 
from KE ballistic firings. 

[0032] The materials used in conventional composite sabot de- 
signs are composite plastics reinforced with carbon fibers. 
They are manufactured by imbedding the carbon fibers in 
resin and forming a tape called pre-preg. The tape is 
pressed into the shape of the sabots and then machined 
to final shape. Other sabots are made of aluminum. 

[0033] | n one embodiment of the energetic pusher sabot 310 and 
energetic puller sabot 510, the pusher sabot base 335 
and puller sabot base 525 are comprised of composite or 
aluminum. The pusher sabot base 335 and the puller 
sabot base 525 are manufactured using conventional 
methods to support the energetic components of the en- 
ergetic pusher sabot 310 and energetic puller sabot 510, 
respectively. 

[0034] a wrap of a composite is applied to the thin sabot (the 
pusher sabot base 335 or puller sabot base 525) using a 
spiral wrap machine that winds a carbon thread wetted 
with a mixture of the energetic composite (for example, 
GAP or HMX or RDX), epoxy resin and a plastic. The ma- 


chine that adds the energetic wrap to the pusher sabot 
base 335 or puller sabot base 525 is a standard machine 
that makes composite tubes in industry but is upgraded 
to be explosion proof. The wrap is applied to the pusher 
sabot base 335 or puller sabot base 525 until the pusher 
sabot base 335 or puller sabot base 525 takes the shape 
and thickness of the energetic pusher sabot 310 or ener- 
getic puller sabot 510, respectively. If needed, final ma- 
chining using explosive proof machines in an explosive 
area is performed on the sabot to get the exact shape de- 
sired. 

[0035] | n another embodiment, the energetic pusher sabot 310 
and energetic puller sabot 510 are manufactured similar 
to the method composite sabots are currently made. In 
the common method for manufacture of composite 
sabots, a tape is manufactured in sheets by passing a car- 
bon thread through a heated bath of ultem and epoxy 
resin. 

[0036] The threads are lined up next to each other and are pulled 
through the heated resin bath and passed through a roll 
mill creating a sheet called pre-preg tape. The desired 
shape of the sabot is cut out of the pre-preg tape and ori- 
ented such that the fibers are in different orientations of 


each other (for example, 30 and 45 degrees). These cut 
out shapes are placed in an autoclad and pressed into the 
desired sabot shape. 

[0037] For the energetic pusher sabot 310, HMX or RDX or other 
aforementioned energetic materials are added to the sec- 
tions of the tape used for energetic regions 315, 320, 
325, 330 before the cut out shapes for the energetic 
pusher sabot 310 are put into the autoclave. For the ener- 
getic puller sabot 510, HMX or RDX are added to the sec- 
tions of the tape used for energetic regions 515 and 520 
before the cut out shapes for the energetic puller sabot 
510 are put into the autoclave. If required, final machining 
using explosive proof machines in an explosive area is 
performed on the energetic pusher sabot 310 or energetic 
puller sabot 510 to obtain the exact shape desired. 

[0038] | n y e t another embodiment, a pre-preg tape for energetic 
regions 315, 320, 325, 330 and energetic regions 515, 
520 is made by passing carbon fibers through a heated 
bath of HDPE (other plastics may be substituted as afore- 
mentioned), resin and HMX or RDX or CAP and pulled 
through a roll mill to make an energetic tape. The ener- 
getic tape is placed over the ultem tape made for the 
pusher sabot base 310 and puller sabot base 510 in the 


areas that are needed to be energetic. This is done in a 
way that the sabot bases 335, 525 of the sabot will be 
standard tape and energetic areas such as 315, 320, 325 
and 330 or 515 and 520, depending on the type of sabot 
you are manufacturing, will be the energetic tape. An 
overlap region of the standard and energetic tape is al- 
lowed. 

[0039] The ultem tape combined with the energetic tape is 

passed through a roll mill so that a composite pre-preg 
tape is made of which part of the tape is energetic. Cut 
out shapes are made from this pre-preg tape and put into 
the autoclave so that the energetic portions (energetic re- 
gions 315, 320, 325, 330 and energetic regions 515, 520) 
are oriented in the correct location for timed combustion. 
The sabot sections are removed from the autoclave . If re- 
quired, final machining using explosive proof machines in 
an explosive area is performed on the energetic pusher 
sabot 310 or energetic puller sabot 510 to obtain the ex- 
act shape desired. It should be noted that these sabots 
are made as three petals that surround and hold the pen- 
etrator in the same manner as standard sabots are cur- 
rently made. A standard force ring that holds the sabots 
together is later added at projectile assembly. 


[0040] The energetic pusher sabot 310 and energetic puller sabot 
510 gain performance advantage from the introduction of 
energetic regions 315, 320, 325, 330 and energetic re- 
gions 515, 520 that burn away at a controlled rate as the 
energetic pusher sabot 310 or energetic puller sabot 510 
travel up the gun tube. The part of the energetic pusher 
sabot 310 or energetic puller sabot 510 that is not ener- 
getic (i.e., the pusher sabot base 335 and puller sabot 
base 525) does not burn away but stays intact as it travels 
up the tube and supports the projectile. 

[0041] The burn rate of the energetic regions 315, 320, 325, 330 
and energetic regions 515, 520 is controlled by control- 
ling the mix portion (for example, the GAP formulation or 
RDX particle size and amounts of resin) from which that 
the pre-preg tape is made. Energetic regions 315, 320, 
325, 330 and energetic regions 515, 520 are manufac- 
tured to provide the structural strength required to sup- 
port the projectile on shot start and fully support the ki- 
netic energy projectile 305 or kinetic energy projectile 
505 as they travel down the tube. 

[0042] The kinetic energy projectile 305 and kinetic energy pro- 
jectile 505 become lighter as they travels up the gun tube; 
consequently they exit the gun tube at a higher velocity 


than kinetic energy projectiles that contain conventional 
puller or pusher type sabots. In addition, energetic re- 
gions 315, 320, 325, 330 and regions 515, 520 produce 
propellant gases as they burn away ,and subsequently im- 
part energy to the system which causes the projectile to 
move at a faster velocity. 

[0043] For some projectiles, on the order of 20% of the weight of 
the energetic pusher sabot 310 or energetic puller sabot 
510 can be burned away as it travels up the gun tube and 
still provide the necessary support . This reduction of 
weight of the projectile and the added propellant gases 
can provide an additional velocity on the order of 70m/s 
to the in-flight projectile allowing the penetrator rod 20 
from a KE projectile 305, 505 to defeat thicker targets 
than by utilizing a conventional KE sabot (15 or 210). 

[0044] | t j S t0 be understood that the specific embodiments of 

the invention that have been described are merely illustra- 
tive of certain application of the principle of the present 
invention. Numerous modifications may be made to the 
method for reducing the parasitic weight of a kinetic en- 
ergy projectile invention described herein without depart- 
ing from the spirit and scope of the present invention. 


